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The ability of 342 staphylococcal isolates from different anatomical sites in healthy goats to produce
staphylococcal enterotoxins (SE) was investigated. SE were produced by 74.3% of the 70 coagulase-positive
strains and by 22% of the coagulase-negative strains studied. Most enterotoxigenic strains were isolated from
the skin of udders and teats and from milk. SEC was the SE type most frequently produced, either alone
(67.9%) or in combination with others. Five coagulase-negative species not previously reported as SE
producers were identified (Staphylococcus chromogenes, S. warneri, S. sciuri, S. saprophyticus, and S. lentus).
SEA, SEB, and SEC were detected in the milk of 17 of the 133 healthy goats studied. These results suggest that
the goat is an important reservoir of enterotoxigenic staphylococci, most of which produce SEC.

Staphylococcal enterotoxins (SE) are exoproteins which,
when ingested by humans, give rise to symptoms of acute
gastroenteritis. Several types of staphylococcal enterotoxins
have been identified on a serological basis and are named SE
A through E (SEA through SEE). Data regarding the entero-
toxigenicity of staphylococcal strains isolated from healthy
animals indicate that only a relatively small number of
strains are enterotoxigenic (2, 15, 20, 25, 36, 43). Studies of
goats have focused on determining the enterotoxigenicity of
Staphylococcus aureus isolated from normal or infected milk
(8, 23), although staphylococci are usually found in the skin
and mucosae of humans and other animals (27, 32). It is
important to determine the enterotoxin-producing ability of
staphylococci usually found in the skin, mucosae, and milk
of animals, because they may give rise to contamination of
food destined for human consumption.
On the other hand, staphylococci isolated from animal

skin, mucosae, and milk are mainly coagulase-negative
strains (CNS) (9, 11, 27, 30, 32, 39); specifically, subclinical
infections of the goat's udder are predominantly produced
by coagulase-negative staphylococci (23, 30, 39, 44), and
very few studies have been done on the enterotoxigenicity of
these strains (3, 5, 6, 37, 38; M. S. Bergdoll, K. F. Weiss,
and M. J. Muster, Bacteriol. Proc., p. 12, 1967).

This paper reports our studies on the ability of staphylo-
cocci isolated in the skin, nasal mucosa, and milk of 133
healthy goats to produce enterotoxins (SE) and determines
the direct presence of SE in milk from these animals, using
the enzyme-linked immunosorbent assay method.

MATERIALS AND METHODS
Isolation of staphylococci. A total of 133 female goats from

11 different flocks were studied. Animals (2 to 7 years old)
were in the lactation stage. Samples were taken on sterile
swabs from the nasal mucosa and the skin of the axillary
fold, the udder surface, and the teat of each animal. Milk (25
ml from each compartment) was collected aseptically in
sterile containers. Samples were immediately transferred to
the laboratory in isothermic containers at 4 to 6°C. Mucosa
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and skin samples were streaked onto sheep blood agar (5%)
(Oxoid Ltd., Hampshire, United Kingdom), rubbing the
swab onto the upper third of petri dishes and then streaking.
Milk (100 ,ul) was surface spread on sheep blood agar (5%)
and on Schleifer-and-Kramer medium (42), and the remain-
ing milk was frozen at -20°C for subsequent direct detection
of SE. Plates were incubated in aerobic conditions at 37°C
for 24 to 48 h. Colonies with cell morphology resembling that
of gram-positive, catalase-positive cocci were subsequently
selected, subcultures being made when 10 colonies of the
same morphological type were present in the primary cul-
ture. One or two colonies were selected to obtain pure
cultures on brain heart infusion agar (Difco Laboratories,
Detroit, Mich.).

Staphylococci were differentiated by means of the lyso-
staphin sensitivity test (28), the lysosyme resistance test
(41), and the furazolidine agar growth test (45).

Staphylococcal strains. Coagulase-positive strains (CPS)
were identified by following the criteria proposed by
Devriese and Hajek (10). CNS were identified by the criteria
suggested by Devriese and co-workers (9, 11). Sensitivity to
novobiocin (Sigma Chemical Co., St. Louis, Mo.) was
determined by dilution in agar, using Mueller-Hinton me-
dium (Difco) at concentrations of 0.5, 1, 1.5, 4, 8, and 16
,ug/ml. Plates were incubated at 37°C for 48 h. The MIC for
novobiocin-sensitive CNS was -1 ,ug/ml (40).
The following reference strains were used for biochemical

and physiological analyses of CNS: S. cohnii DSM 20260, S.
haemolyticus DSM 20263, S. xylosus DSM 20266, S. sciuri
ATCC 29062, S. lentus ATCC 29070, S. caprae CCM 3573,
S. arlettae BP 47, S. kloosii DSM 20676, S. warneri ATCC
27836, and S. simulans ATCC 27848.

Enterotoxin production on solid media. A 500-,lI sample of
the 18-h broth inoculated with the staphylococcal strains was
poured on the surface of cellophane membranes (Spectrapor
membrane tubing; Spectrum Medical Industries Inc., Los
Angeles, Calif.) on brain heart infusion agar, as described by
Hallander (21), and harvested with 2.5 ml of 0.01 M
Na2HPO4.

Enterotoxin detection. SEA, SEB, SEC, SED, and SEE
present in extracts and milk were detected by the enzyme-
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TABLE 1. Enterotoxigenicity of staphylococci isolated, by site of isolation

Coagulase positive Coagulase negative
Enterotoxigenic

Location strains Nonenterotoxigenic Enterotoxigenic Enterotoxigenic
strains strains Nonenterotoxigenic strains Nonenterotoxigenic

strains strains
No. % No. t No. %

Nasal 13 36.2 23 6 85.7 1 7 24.1 22
Axilla 0 21 0 0 21
Udder skin 27 30.7 61 9 90 la 18 30 60
Nipple skin 51 33.2 103 19/la 59.4 13/3a 32 28.6 90
Milk 21 48.8 22 18/1a 85.7 3 3 13.6 19

Total 112 32.7 230 52 74.3 18 60 22 212

a S. hyicus CPS.

linked immunosorbent assay described by Freed et al. (14), normal (35%) goat's milk. Most enterotoxigenic strains were
with a detection limit of 0.625 ng of SE per ml. To remove isolated from the skin of the mammary gland and from milk,
staphylococcal protein A, samples or extracts were diluted with very high percentages of CPS (udder, 90%; teat, 59.4%;
1:1 in normal rabbit serum with inactivated complement (13). milk, 85.7%), and lower percentages CNS (udder, 30%; teat,
The serum-sample mixture was incubated at 4°C for 1 h. 28%; milk, 13.6%). Fewer SE-producing strains were iso-
Reference toxins and antisera were obtained from M. Berg- lated in the nasal mucosa, although enterotoxigenicity per-
doll, Food Research Institute, Madison, Wis., to whom we centages were very high (85.7% of CPS and 24.1% of CNS).
are greatly indebted. No SE-producing strains were isolated from the skin of the

axillary fold.
RESULTS. AND DISCUSSION Most of the enterotoxigenic strains produced SEC either

A total of 342 staphylococcal strains were isolated from alone (67.9%) or in combination with other toxins (SEA+C,
the different sites, corresponding to 70 CPS and 272 CNS. Of 2.7%; SEB+C, 2.7%; SEC+E, 2.7%; SEA+B+C, 0.9%)
these, 112(32.7%) were enterotoxigenic, 52 CPS (74.3%) and (Table 2). These results agree with those obtained in sheep
60 CNS (22%) (Table 1). The percentage of enterotoxigenic by HAjek (19) and and Gutidrrez et al. (18) and in goats by De
CPS isolated in this study was considerably higher than that Buyser et al. (8) and Harvey and Gilmour (23), which seems
reported for S. aureus strains isolated in different animals to suggest that staphylococcal strains isolated from sheep
species (2, 15, 20, 25, 36, 43) and higher than that reported and goats produce mainly SEC. The other enterotoxins
for S. aureus strains in infected cow's milk (1, 16, 22, 26, 35), produced occurred in low percentages, especially SED,
but it was similar to that reported by Hajek (19) and which was only synthesized by one strain of S. caprae in
Gutierrez et al. (18) for S. aureus strains isolated from combination with SEE (Table 2).
infected sheep's milk. Similarly, De Buyser et al. (8) and Two species of enterotoxigenic CPS (S. aureus and S.
Harvey and Gilmour (23) reported a high percentage of hyicus) and nine species of enterotoxigenic CNS (S. chro-
enterotoxigenic S. aureus strains in infected (75%) and mogenes, S. haemolyticus, S. warneri, S. epidermidis, S.

TABLE 2. Types of enterotoxin (SE) produced by identified staphylococcal species

No. of No. producing given SESpecies srisTotal %
strains SEA SEB SEC SEE SEAB SEAC SEBC SECE SEDE SEABC

S. aureus 64 5 39 3 1 1 1 50 78.1
S. hyicus 13/6a 2a 2 15.4
S. chromogenes 23 3 3 13.0
S. haemolyticus 64 1 13 3 1 1 1 20 31.3
S. warneri 45 1 2 5 8 17.8
S. epidermidis 32 2 5 7 21.9
S. caprae 18 1 1 1 1 4 22.2
S. xylosus 23 3 1 1 5 21.8
S. sciuri 20 1 3 4 20.0
S. saprophyticus 13 2 2 1 5 38.5
S. cohnii 6 0 0.0
S. lentus 3 2 2 66.6
S. equorum 3 0 0.0
S. kloosii 3 0 0.0
Unidentifiedb 12 2 2 16.6

Total 342 8 4 76 11 2 3 3 3 1 1 112
%C 7.1 3.6 67.9 9.9 1.8 2.7 2.7 2.7 0.9 0.9 100

a S. hyicus CPS.
b CNS.
c Average over all enterotoxin-producing strains.
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TABLE 3. Enterotoxigenic staphylococci isolated from goat milk

No. of No. producing:Species stais
Ssstrainsa SEA SEC SEAC SECE

S. aureus 20 1 13 2 1
S. hyicus lb1
S. warneri 5
S. chromogenes 5 2
S. caprae 5
S. epidermidis 4 1
S. haemolyticus 2
S. xylosus 1

a Counts, 600 CFU/ml in Schleifer and Kramer (43) medium.
b S. hyicus CPS.

caprae, S. xylosus, S. sciuri, S. saprophyticus, and S.
lentus) were identified, while two SEC-producing CNS re-
mained unidentified. Difficulty in determining the enterotoxi-
genicity of staphylococci has led researchers to seek some
property in staphylococci which may be related to entero-
toxin production. The product most commonly associated
with enterotoxigenicity is coagulase (12), although other
products, such as thermonuclease, have also been reported
(7, 29, 33). It is widely accepted that SE production is
characteristic of CPS, and most studies have dealt with S.
aureus, with the result that less work has been done on
coagulase-negative biovarieties. However, SE production
by CNS has been reported by some authors (5, 7, 29, 31, 38;
Bergdoll et al., Bacteriol. Proc.), and with particular refer-
ence to S. epidermidis (4-6, 24, 37), S. haemolyticus (37), S.
capitis (37), S. hyicus (24), S. cohnii (3), and S. xylosus (3).
In the present study, some of the enterotoxigenic strains
isolated belonged to species not previously reported as SE
producers, such as S. chromogenes, S. warneri, S. sciuri, S.
saprophyticus, and S. lentus (Table 2).

Detection of SE in goats' milk. Counts of >600 CFU of
staphylococci per ml were isolated from the milk of 43
(32.3%) of the 133 animals tested. Of the 43 strains isolated
and identified, 48.8% were enterotoxigenic, and most pro-
duced SEC (Table 3). These results show that a large number
of animals showing no clinical symptoms were subclinically
infected by enterotoxigenic staphylococcal strains. Many
authors have indicated the staphylococcal origin of subclin-
ical infections in goat udders (8, 23, 30, 39, 45). SE (SEA,
SEB, and SEC) were directly detected in the milk of 17 of
the 133 animals tested. SEB, an enterotoxin not produced by
any of the strains isolated in the milk, was found in the milk
of 10 of the 17 animals (Table 4). This suggests that SE
production may take place directly in the affected udder.
Niskanen et al. (34) detected SEA and SEB production in the
milk of cows experimentally inoculated in the udder with S.
aureus strains producing these enterotoxins. That no SEB-
producing strains were isolated in milk, despite the presence
of SEB in the milk itself, suggests that, (i) due to inadequate
selection of staphylococci on culture media, SEB-producing
strains were not isolated; or, (ii) in enterotoxin production
on solid media on the surface of cellophane membranes (21),
the strains failed to synthesize SEB, whereas they did
synthesize it in natural conditions in the udder. G6mez-
Lucia et al. (17) reported that enterotoxin production de-
pends on the natural substrate, so that different results may
be achieved when the strain is grown on cellophane over
agar to determine its toxigenicity.
We may conclude that a high percentage of goats should

be considered as carriers of enterotoxin-producing staphylo-

TABLE 4. Detection of staphylococcal enterotoxins in the milk
of clinically healthy goats

ng of SE per ml
Goat no.

SEA SEB SEC

6 4.7
7 2.3
15 5.8
16 2.1
17 3.8
28 4.3
43 3.0
45 3.0
47 2.0
49 2.6
50 2.0
51 5.4 2.3
53 2.0
101 10.1
105 5.1
112 2.3
118 2.3

cocci, secreting mainly SEC. This fact may be of relevance
to human health, as goats may be the origin of contamination
at some point in the food chain, especially milk and dairy
products from this species.
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